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(54) TiUe: SMIF POD STORAGE, DELIVERY AND RETRIEVAL SYSTEM 



(57) Abstract 



A storage, delivery and retrieval system (122) having 
a rear wall (1 12) to which is affixed a plurality of shelves 
(114) capable of supporting one or more wafcr-canying 
pods (132). The structure further includes a pair of vertical 
rails (116) lying in a plane spaced from and substantially 
parallel to the shelf-supporting wall (112). A horizontal rail 
(118) extends between and is translationaUy mounted to the 
vertical rails (116), which horizontal rail (118) supports a 
gripper (120) capable of movement along the horizontal rail 
(118). Ttie movement of the horizontal rail (118) along the 
vertical rails (116), and the movement of the grippe: (120) 
along the horizontal rail (118), allows the gripper (120) to be 
positioned at any location within an X-Z plane includhig the 
storage shelves (114). The systm includes a two dimensicmal 
transport system. That is. all transport of the pods (132) by 
the system occurs without the pods leaving the X-Z plane of 
the shelves (114). This feature contributes to the overall small 
footprint of the system (122). Additionally, the gripper (120) 
moves around in the same plane as the pods (132). and the 
rails (116) have a small profile and operate directly adjacent 
the storage shelves (114). These features further contribute 
to the storage, delivery and retrieval system (122) according 
to the present invention. 
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SMIF POD STORAGE, 
DHr.TVHRY AND RETRTEVAT. SVfSTRM 

CROSS REFERENCE TO RELATED AP PUCATION 
The present plication is lelated to United States Patent Application Serial No. 
5 08/843,245, oitifled INTEGRATED INTRABAY BUFFER, DELIVERY, AND 
STOCKER SYSTEM, filed Apn[ 14, 1997, which application is assigned to the 
owner of the presoit plication, and which application is incoiporated by 
reference herein in its entirety. 

BACKGROUND OF THE TNVENTTON 
10 Field of the Invention 

Hie present invention relates to the transport and storage of 
semiconductor wafers, and in particular to a system capable of storing wafer- 
carrying pods and/or cassettes and capable of transferring wafer-carrying pods 
and/or cassettes to and from a semiconductor processing tool, which system 
15 provides a high degree of flexibility, operates with a minimum amount of 
hardware and software control and makes efficient use of space. 

Description of Related Art 

A SMIF system proposed by the Hewlett-Packard Company is disclosed 
in U.S. Patent Nos. 4,532,970 and 4,534,389. The purpose of a SMIF system 

20 is to reduce particle fluxes onto semiconductor wafers during storage and 
transport of the wafers through the semiconductor fabrication process. This 
purpose is accomplished, in part, by mechanically ensuring that during storage 
and transport, the gaseous media (such as air or nitrogen) surrounding the wafers 
is essentially stationary relative to the wafers, and by rasuring that particles from 

25 the ambient enviromnent do not enter the immediate wafer enviroimient. 
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The SMIF system provides a clean environment for articles by using a 
small volume of particle-fiee gas which is controlled with respect to motion, gas 
flow diiectton and external contaminants. Further details of one proposed system 
are described m the paper ratitled "SMIF: A TECHNOLOGY FOR WAFER 
5 CASSETTE TRANSFER IN VLSI MANUFACTURING," by Mihir Parikh and 
UMch Kaempf, Sohd State Technology , July 1984, pp. 111-115. 

Systems of the above type are concerned with particle sizes which range 
fiom below 0.02 microns (jim) to above 200/im. Particles with these sizes can 
be veiy damaging in semiconductor processing because of the small geometries 

10 ^ployed in fabricating sraiiconductor devices. Typical advanced semiconductor 
processes today ^nploy geometries which are one-half /xm and under. Unwanted 
contamination particles which have geometries measuring greater than O.l/im 
substantially interfere with present geometry semiconductor devices. The trend, 
of course, is to have smaUer and smaller semiconductor processing geometries 

IS which today in research and development labs approach 0.2;im and below. In 
the future, geometries will become smaller and smaller and hence smaller and 
smaller contamination particles become of interest. 

A SMIF sy^em includes a minimum volume, sealed pod used for storing 
and transporting wafers or other woriqpieces. Within a wafer fab, a first 

20 automated tran^rt syst^ is provided for transferring the SMIF pods from one 
processing tool bay to another (interi>ay delivery syst^s) and a second 
automated transport system may be provided for transferring the pods around 
within each particular bay (intrabay delivery systems). Tool bays are typically 
on the order of about 80 feet long, and consist in general of a number of 

25 processing tools for performing various wafer fabrication functions, metrology 
tools for monitoring or testing a wafer or wafers from within a wafer lot, and at 
least one stocker for storing the pods before or after processing. 
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Some processing tools within a tool bay are typically high throughput 
tools which are capable of performing their particular wafer process at a 
relatively higher rate than other processing tools. Similarly, as metrology tools 
only sample one wafer per lot, these tools also are capable of handling substrate 
5 carriers at a much higher rate than typical processing tools. Presently, a 
semiconductor wafer fab may cost in excess of $1.6 billion, and approximately 
80% of that cost is the cost of equipment. It is therefore desirable to maximize 
the yield of this equipnent, and substantial efforts are devoted to minimizing the 
time that the tools sit idle. 

10 In order to prevent significant idle time for high throughput and 

metrology tools, it is known to include a local tool buffer adjacent the tool load 
poits of high throughput and metrology tools. In this way, pods may be stored 
locally adjacent such tools and quickly transferred to the tool load port without 
having to constantly rdrieve a pod from the lemotely located stocker, or depend 

15 on timely delivery therefrom. A conventional local tool buffer is shown 
generally at 10 adjacent a process tool 12 in Fig. 1 A. As shown therein, a pod 
handling robot 14 is capable of transferring pod 16 between a plurality of local 
shelves 18 and the tool load ports 20 on the process tool. The pod handling 
robot 14 includes a base 21 mounted to a track 22 so as to translate along the z- 

20 axis. First and second arms 24 and 26 and a gi^>per 28 are attached to the base 
21 and are controlled by computer to grip a pod 16 for transfer between the 
shelves 18 and the tool load ports 20. 

Conventional local buffers, such as that shown in Fig. 1 A, have several 
shortcomings. First, it is the nature of the robot used therein that it can only 

25 reach one carrier space to its left or right. Thus, the storage spaces available to 
such a robot are limited to being direcdy adjacent the robot. A second significant 
shortcoming of conventional local buffers is that they utilize three-dimensional 
transport of the pods. Diat is, the pods are transported outside of the X-Z plane 
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in which they are stored. The footprint of such conventional buffers must be 
laige enough to accommodate this three-dimensional transport. 

A still further shortcoming to conventional local buffers relates to the 
storage density of such systems. Storage density refers to the ratio of storage 
5 space available to the overall foo4}rint required by the local buffer. Fig. IB is 
a gnq>hical representation of tfie storage density of the local buffer shown in Fig. 
1 A (each box represents a space capable of being occupied by a single wafer- 
canying pod), with the CKitline of the robot provided tfaeieon. As shown, storage 
spaces are available in the lower left and right positions 1 and 2 of the buffer. 

10 As the track 22 must be ofif-set from the robot in order to allow pods to be passed 
in front of the robot (i.e., between the robot and the buffer wall), the lower 
middle space is utilized for vertical pod travel and is unavailable for pod storage. 
Similarly, the spaces to the left and right of the robot base (in the top center) are 
inaccessible due to the position of the ^red pod and track 22. Thus the resulting 

15 storage density for a two-deq) local buffer is 2 to 6, or 33 % . 

A medianism similar to that shown in Fig. 1 A may be used as a stocker 
for pod storage. Such convmtional stockers may additionally include a second 
bank of storage spaces juxtaposed to the first bank. The storage drasity of this 
system is graphicaUy represented in Fig. IC. As shown, the robot may be 

20 configured to translate in the direction of arrow A-A. By adding the additional 
bank, the storage density improves to 4 to 9, or about 45%. However, this is 
still a relatively low ratio, and it comes at the expense of a large footprint. 

SUMMARY OP THE TNVHNTrON 
It is therefore an advantage of the present invention to provide a process 
25 tool storage, delivery and retrieval system for supplying pods to semiconductor 
process and metrology tools. 
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It is another advantage of the present invention to provide two- 
dimensional transport of a wafer carrier, wherein a carrier is transported in the 
same plane in which it is stored 

It is a further advantage of the present invention to provide a storage 
S space for wafer carriers having a maximum storage density within a minimum 
incremental foo^rint relative to the process tool's original footprint without the 
buffer. 

It is a still further advantage of the present invention to provide a tool 
integrated pod storage, delivery and retrieval system having a small overall 
10 foo^rint. 

It is another advantage of the present invention to provide a tool 
integrated pod storage, delivery and retrieval system which may be easily scaled 
to different sizes. 

It is a further advantage of the present invention to provide a highly 
15 reliable tool integrated pod storage, delivery and retrieval system. 

It is another advantage of the present invention to provide a tool 
integrated pod storage, delivery and retrieval system capable of minimizing the 
creation of particulates in the cleanroom. 

It is a further advantage of the present invention to provide a tool 
20 integrated pod storage, delivery and retrieval system capable of minimizing trol 
idle time. 

It is a further still advantage of the present invention to provide a tool 
integrated pod storage, delivery and retrieval system of highly flexible design, 
easily adapted to variously configured process tools and pod delivery systems. 
25 It is another advantage of the present invention to provide a tool 

integrated pod storage, delivery and retrieval system having a simple design and 
requiring relatively little maintenance. 
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It is a further advantage of the present invention to provide a tool 
integrated pod storage, delivery and retrieval system which may coexist safely 
with human operators working near the process tools. 

These and other advantages are accomplished by the present invention, 
5 which in preferred embodimrats relates to a pod storage, delivery and retrieval 
system cqiable of providing an improved local tool buffer for various 
semiconductor process tools or an improved stocker for storing pods in a 
semiconductor tool bay. A basic embodiment of the invention comprises a 
structure having a rear wall to which is afHxed a plurality of shelves c^ble of 

10 supporting one or more wafer-carrying pods. The structure further includes a 
pair of veitical rails lying in aplane spaced from and substantially parallel to the 
shelf-supporting wall. A horizontal rail extrads between and is translationally 
mounted to the vertical rails, which horizontal rail supports a gnppei capable of 
movement along the horizontal rail. The movement of the horizontal rail along 

15 the vertical rails, and the movement of the grqjper along the horizontal rail, 
allows the grqjper to be positioned at any location within an X-Z plane including 
the storage shelves. 

In one embodiment of the invention, the above-described storage, delivery 
and retrieval system may be mounted to the front surface of a process tool. 

20 Process tools convrationally include tool load ports protruding from the front of 
the tool into the tool bay. The storage, delivery and retrieval system according 
to the present invention preferably fits over the tool load port so as not to 
increase the depth of the tool (Le. , the distance of the tool away ftom the tool 
bay wall) beyond that occupied by the tool load port. 

25 In a preferred embodiment, the shelves are provided within the storage, 

delivery and retrieval system in a plurality of rows and columns defining spaces 
in which the gnpper may translate vertically and horizontally. The shelves may 
be provided in various configurations, including being one, two, or more deep 
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in a direction peipendicular to the X-Z plane, and may also have one, two, or 
more shelves directly adjacent to each other in the X-Z plane. It is a feature of 
the present invention that the gripper, when not gripping a pod, may translate 
horizontally through shelves having a pod thereon. The movement of the gripper 
5 along the horizontal rail, and the movement of the horizontal rail along the 
vertical rails, may be controlled so that the syst^ may transfer pods between the 
storage shelves and the tool load port of the process tool. 

It is a feature of the present invention that the above-described transport 
system is a two-dimrasional transport system. That is, all transport of the pods 

10 between the ports and the storage shelves occurs without the pods ever leaving 
the X-Z plane of the ports and the sheNes. Hiis feature contributes to the overall 
smaU foo^rint of the system. Additionally, the gripper moves around in the 
same plane as the pods, and the rails have a small profile and operate directly 
adjacent the storage shelves. These features farther contribute to the small 

15 footprint of the system. 

Hie present storage, delivery and r^eval system may be provided in 
various orimtations with respect to the process tool it is serving. In one 
embodim^t, the system may be mounted on the front surface of a process tool, 
around the tool loadj^rt, and extending £y)proximately the depth of one pod into 

20 the tool bay. In a farther embodiment of the invention, the process tool and 
storage, delivery and retrieval system may be moved back such that the front of 
the storage, delivery and retrieval system adjacrat the tool bay is flush with the 
tool bay wall. In this otnbodiment, various configurations of shelves may extend 
from the ^rage, delivery and r^eval system into the tool bay to receive a pod 

25 from the standard intrabay pod delivery mechanisms. 

In a farther embodiment of the present invention, the storage, delivery 
and retrieval systOTi may be mounted to the side of a process tool, entirely within 
the space bdiind the process tool bay wall and in b^een adjacent process tools. 
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In this embodiment, the storage, delivery and retrieval system may include 
various configurations of shelves extending out of the side of the system and into 
the tool bay for receiving a pod firom the intrabay pod delivery systems. 
Alternatively, the storage, delivery and retrieval system may itself extend 
5 partially into the tool bay to receive a pod from the delivery system. 

In a further embodiment of the present invention, two or more storage, 
delivery and retrieval systems may service a single processing tool. In this 
embodiment, the systems may be oriented side-by-side at the front or side of a 
processing tool. Alternatively, the systems may be provided back-to-back at the 

10 front or side of the process tool. Various configurations of conveyors and/or 
telescoping shelves may be provided for transferring pods between the adjacent 
systems of the multiple storage, delivery and retrieval systems. It is also 
contemplated that conveyors may be provided for linking storage, delivery and 
retrieval systems mounted on separate process tools. In a further embodiment 

15 of the present invention, a single storage, delivery and retrieval system may be 
sized to serve and link more than one process tool. 

In a still further embodiment, the preset invention may comprise a stand- 
alone stocker for storing a plurality of pods. As in the embodiments of the 
invention comprising a local tool buffer, owing in part to the ability of the 

20 present invention to tran^rt pods in the same plane in which they are stored, 
the ability of the gnpper to travel around in the same plane as the pods, and the 
small profile of the transpcnt rails, the stocker according to the present invention 
may operate in an extremely small foo^rint. 



25 



BRIEP DESCRIPTION OF THE AWTNGS 
The present invention will now be described with reference to the 
drawings in which: 



wo 99/02436 



PCT/US98/14313 



-9- 

FIGURE 1 A is a perspective view of a conventional local tool buffer for 
storing and transporting a plurality of pods; 

FIGURE IB-C are graphical representations of the storage density in ia 
prior art storage and transport device; 
5 FIGURE 2 is a perspective view of a pod storage, delivery and retrieval 

system according to the present invention; 

FIGURE 3A is a top view of a storage, delivery and retrieval system 
according to the present invention adjacent the front of a process tool; 

FIGURE 3B is a side view of the storage, delivery and retrieval system 
10 shown in Fig. 3A; 

FIGURE 3C is a front view of the storage, delivery and retrieval system 
shown in Fig. 3A; 

FIGURE 3D is a front view of a storage, delivery and retrieval system 
including an alternative storage shelf configuration according to the present 
15 invention; 

FIGURE 4A is a front view of a semiconductor pod seated on a shelf 
according to the present invention; 

FIGURE 4B shows a pod sitting on a shelf according to an alternative 
embodiment of the present invention; 
20 FIGURE 5 is a perspective view of a gripper according to the present 

invention; 

FIGURE 6 is a side view of a gripper according to the present invention; 

FIGURE 7 is a perspective view of a gripping mechanism according to 
an alternative embodiment of the present invention; 
25 FIGURE 8A is a top view of a storage, delivery and retrieval system 

according to the present invention mounted to the side of a processing tool; 

FIGURE 8B is a front view of the storage, deUvery and retrieval system 
shown in Fig. 8A; 
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FIGURE 8C is a top view of a storage, delivery and retrieval system 
according to the present invention mounted to the side of a processing tool and 
extending into the process tool bay; 

FIGURE 9 A is a cross-sectional side view of a storage, delivery and 
5 retrieval system according to the present invention mounted to the front of a 
processing tool and having a two deep shelf configuration; 

FIGURE 9B is a top view of a storage, delivery and retrieval system 
according to the present invention mounted to the front of a processing tool and 
including a two deq) configuration and conveyor mounted thereto; 
10 FIGURE 9C is a top view of a storage, delivery and retrieval system 

according to the present invration mounted to the front of a processing tool and 
including a two deq> configuration and conveyor mounted thereto; 

FIGURE 9D is a top view of a storage, delivery and retrieval syst^ 
according to the present invention mounted to the front of a processing tool and 
15 including a two deep configuration and conveyor mounted thereto; 

FIGURE IDA is a top view of a multiple side-by-side storage, delivery 
and retrieval system according to the present invention mounted to the front of 
a processing tool; 

FIGURE 1 OB is a front view of the multiple side-by-side storage, 
20 delivery and retrieval system shown in Fig. lOA; 

FIGURE IOC is a top view of a multiple side-by-side storage, delivery 
and r^eval system according to the present invention mounted to the front of 
a processing tool and including a conveyor connecting the two individual 
syst^s; 

25 FIGURE 11 A is a tcq) view of a multiple back-to-back storage, delivery 

and retrieval system according to the present invention mounted to the side of 
a processing tool; 
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HGURE 1 IB is a top view of a multiple back-to-back storage, delivery 
and r^eval system according to the present invention mounted to the front of 
a processing tool; 

FIGURE 12 is a front view of a storage, delivery and retrieval system 
5 according to the present invention servicing more than one processing tool; 

FIGURE 13A is a graphical representation of the storage drasity in a 
stocker according to the present invention; 

FIGURE 13B is a graphical representation of the storage density in a 
stocker according to an alternative embodiment of the present invention; 
10 FIGURE 13C is a top view of a process tool bay including stocters 

according to the present invention; and 

FIGURE 14 is a flow chart of the software control according to the 
present invention. 



15 The present invration will now be described with refer^ce to Figs. 2-14, 

which in general relate to a system for storing and transferring a plurality of 
pods. In a first embodiment, the system may be mounted adjacent a process or 
m^logy tool to provide local buffering for the tool. In a second embodiment, 
the system may be a stand-alone stocker capable of storing relatively large 

20 numbers of pods in a small footprint. While the preferred embodiment of the 
invention may operate with SMIF pods, it is understood that the type of pod 
utilized is not critical to the present invention, and any of various containers in 
which semiconductor wafers are hcmsed may operate with the present invention. 
Uris includes, but is not limited to, pods of various sizes, bottom opening pods, 

25 front q)0m[ng pods, cassetteless pods, and open cassettes in which the wafers are 
seated. Additionally, it is contemplated that workpieces other than 
semiconductor wafers may be provided within the pods, including reticles, flat 
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panel displays, and other substrates which may be stored and/or transported 
within pods and cassettes. 

A basic embodiment of the invention is shown in the rear perspective 
view of Fig, 2. The storage, delivery and retrieval (SDR) system 122 shown 
5 therein con^ses a support structure 110 having a rear wall (omitted for clarity) 
to which is affixed a plurality of shelves 1 14 capable of supporting one or more 
pods, cassettes, or other such containers. The support structure further includes 
a pair of vertical rails 116 (only one such rail is shown in Fig. 2) lying in a 
plane spaced from and substantially parallel to the shelf-supporting wall. A 

10 horizontal rail 1 18 extends betwem and is translationally mounted to the vertical 
rails, which horizontal rail supports a gr^Tper 120 capable of movement along 
the horizontal rail. Tte movement of the horizontal rail along the vertical rails, 
and the movement of the gr^^r along the horizontal rail, allows the gripper to 
be positioned at any location within an X-Z plane. The above-described 

15 structure coq)erates with a semiconductor process tool, or stands by itself, 
according to the several embodiments described below. 

Single Storage. Delivery and Retrieval System on Si ngle ProceR^ Tool 

Rdening now to the top, side and front views of Figs. 3A, 3B and 3C, 
respectively, there is shown an SDR system 122 mounted to a front portion of 

20 a piocessing tool 124. In preferred ^bodiments of the invention, tool 124 may 
conq)iise a high throughput or metrology tool, but it is understood that the tool 
124 may be any of various semiconductor processing tools. Each processing 
tool 124 preferably includes at least one tool load port 126 for accq[>ting a SMIF 
pod and for transferring wafers between the pod and the interior of the process 

25 tool. Tools 124 preferably further include a manual input/ou^ut (I/O) port 128 
for receiving a pod manually by a human operator, or by various automated 
delivery systems. As is known in the art, the process tool 124 is primarily 
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located behind a tool bay wall 130, in a space referred to as the chase, with a 
£ront surface of the tool including the tool load port and manual I/O port 
protruding into the tool bay. 

A rear wall 112 (Fig. 3B) of the SDR system 122 is preferably mounted 
5 adjacent a front surface of the process tool 124. In a preferred embodiment of 
the invention, the SDR system 122 is preferably floor mounted and further 
mounted to the ceiling and/or front of the process tool to promote stability. In 
alternative embodiments of the invention, it is understood that the SDR system 
may be mounted solely to the floor, or solely to the ceiUng and/or front of the 
10 tool. 

In a preferred embodiment of the invention, shelves 1 14 are mounted to 
wall 112 and protrude outward away from the front of the processing tool 124. 
In alternative embodiments of the invention, shelves may alternatively be 
mounted to side walls 111 (Figs. 3A and 3C), protruding inward toward the 

15 center of the SDR system. Each shelf has an upper surface capable of 
sq^rting a pod 132. In a prefened embodiment, the vertical distance between 
shelves is just large enough to allow the gripper to enter between the top of a 
pod and the next upper shelf, and to lift and carry the pod away. However, it 
is understood that pods of various heists and housing various sized wafers may 

20 be used within the present invention, and the size of the shelves as well as the 
vertical spacing betwera shelves may vary. 

Each shelf 114 is preferably formed of a rigid material having low 
particulating and outgassing properties, such as for example aluminum with an 
anodized surface finish. Additionally, as shown in Fig. 4A, each shelf may 

25 include autokinematic mounting pins 134 on its upper surface for mating with 
grooves on the lower sur&ce of each pod to securely position and hold the pods 
on the shdves. In order to remove a pod from a shelf, the gripper must first lift 
the pod 132 sufficiently to clear the pins 134. Therefore, in an alternative 
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embodiment of the invention shown in Fig. 4B, the shelves may include a 
sunken area 136 surrounding pins 134 to thereby decrease the total distance 
between the bottom of a shelf and the upper surface of a pod when it has been 
lifted and first clears the pins 134. In this way, the vertical stacking density of 
5 the pods within the shelves may be increased. 

As shown in Fig. 3C, in one embodiment of the invention, the shelves 
are aligned in a plurality of rows and columns. It is however understood that the 
shelves according to the present invention may be provided in various 
configurations both above and below the tool load ports of tool 124. The 

10 shelves are preferably grouped in columns so as to define at least one vertical 
space 113. Space 113 is provided to allow the pods to be vertically transferred 
between any shelf in the SDR system and the tool load ports/manual I/O ports. 
It is understood that the location and number of spaces 113 defined by the 
grouping of shelves 114 may vary in alternative embodiments of the invention. 

15 Additionally, certain standards set by the Semiconductor Equipment and 
Materials Industry (SEMI) require that a clear vertical path be left over the 
manual I/O port to allow a pod to be lowered thereon from the overhead 
delivery system. Thus, at least one of the vertical spaces 1 13 may lie over the 
manual I/O port 128 to satisfy this SEMI standard. 

20 As stK>wn in Fig. 3D, it is also cont^plated that two colunms of storage 

shelves 114 may be provided adjacent to each other. In this embodiment, in 
order to access a pod in the blocked colunm (Le. , the left column in Fig. ID), 
the adjacait pod in the next column must first be moved. Such a configuration 
is well suited to "batch processfaig", where pods are consecutively loaded in pairs 

25 onto the load ports for processing. It is also contemplated that more than two 
adjacent storage shelf columns be provided. 

In convrational local tool buffers, as indicated in the Background of the 
InvCTtion section, the range of motion afforded the gripper by the transfer robot 
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is limited. As such, the location of the local storage shelves, tool load ports, 
and manual I/O ports is limited, to ensure that they could be reached by the 
gripper. However, as explained in greater detail below, the transport 
mechanism according to the present invention is capable of moving the gripper 
5 anywhere within the boundaries of the X-Z plane defmed by the SDR system. 
The advantage realized with such a system is that the storage shelves may be 
located at any position on the wall 112 of the SDR system, and the position of 
the tool load ports and manual I/O ports may vary significantiy . This feature of 
the present invention greatiy increases the flexibility of the present invention, 

10 and the degree to which the invention may be adapted for use with different 
prcx:essuig tools, wafer fabs, and containers. For example, the shelves may be 
positioned within the SDR system independentiy of the position of the tool load 
ports. Thus, different configurations of the SDR system may be used with a 
single process tool, and a single SDR system may be used with process tools of 

15 different configurations. Moreover, the SDR system with shelves 114 may be 
manufactured without having to know the particular tool configuration. 

In addition, the ability of the transport system to access any X-Z point 
in the SDR system provides several flexibility advantages directiy related to the 
process tool, in that the tool load ports need not be located side-by-side at the 

20 conventional 9(X)mm height First, this allows the tool load ports to be 
rq)ositioned to more desirable locations on the process tool. For example, by 
raising the height of one or both tool load ports, this increases the volume of 
space within the tool beneath the wafer processing plane; thereby allowing the 
tool footprint to be reduced. Additionally, it is at times desirable to access 

25 wafers from stadced carriers or positions within the tool. However, most robots 
do not have sufficient room from the floor for the Z-axis stroke required to 
access each of the wafers in die stacted cassettes. By raising the elevation of the 
load ports, the Z-axis stroke of the robot may be increased. A still further 
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advantage provided by the flexible positioning of the tool load ports according 
to the present invration is that one tool load port may be located directly above 
another tool load port, thus potentially allowing a reduction in the overall width 
of a process tool. 

5 With regard to the X-Z gnppoT transport, the system is capable of 

Cf)eration with all conventional schemes for delivering a pod to a process tool or 
local buffer. Presently, pods are delivered to process tools or local buffers by 
one of four general systems. First, it is known to transfer pods around within 
a tool bay on an overhead delivery syst^ which may comprise a series of pod 

10 hand-off interfaces for transferring pods to vertical elevators which in turn lower 
the pods into the local buffer or directly down onto the tool load port. Such 
overhead delivery systems may also comprise a monorail cable hoist, where a 
cable lowers a pod into an upper shelf of the local buffer or onto the tool load 
port once the ovetliead monorail is positioned at the desired location. A second 

15 mode of pod delivery to the tool or local buffer is by conveyor. Conveyors may 
operate at varying elevations within the tool bay, and may connect betwera 
varying numl)ers of tools and buffers. A third known system of pod delivery is 
by guided vehicles traveling around the tool bay floor which deliver pods to 
ports at the 90Qmm SEMI standard hdght. Such guided vehicles include person 

20 guided vehicles (PGVs), automatic guided vehicles (AGVs), and rail guided 
vddcles (RGVs). These guided vehicles generally load pods onto tool load ports 
or manual I/O ports from the side (as opposed to overhead delivery systems 
whid) deliver pods from the top). Finally, pods may be loaded into local buffers 
or onto ports at the 900mm SEMI standard height manually by human operators. 

25 The present invention is capable of operation with each of these delivery 
systems, and further increases delivery flexibility by providing additional 
locations adjacent the tool for pod delivery, as explained hereinafter. 
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As previously indicated, the transport and retrieval portion of the SDR 
system 122 comprises vertical rails 116 mounted to the support structure 110, 
horizontal rail 118 capable of vertical translation with respect to the vertical rails 
116, and gripper 120 capable of horizontal movement along horizontal rail 118. 
5 In a preferred ^bodiment, the horizontal and vertical rails reside in a plane 
spaced from and adjacent to the area occupied by the shelves, on a side of the 
shelves opposite the processing tool. However, as explained hereinafter, the 
rails may be positioned adjacrat the processing tool, and the shelves mounted to 
a waU spaced from the processing tools. 

10 As would be appreciated by those skilled in the art, a pair of drive 

mechanisms (not shown) may be provided, with the first drive mechanism 
driving horizontal rail 118 along vertical rails 116, and the second drive 
mechanism driving the gripper 120 along horizontal rail 118. The drive 
mechanisms may each preferably include a motor, such as for example a servo 

15 or Pepper motor, for driving the respective mechanisms, A counterweight (not 
shown) may be provided as part of the SDR system for balancing the weight of 
the horizontal rail 118 and gr^>per 120. Thus, tte drive mechanisms responsible 
for vertical movem^ of the horizontal rail need only lift the weight of the pods. 
The counterweight may be provided within an enclosure, located for example on 

20 the side walls of the SDR system, to prevent any contaminants from entering 
into the clean environment. 

Additionally, power transmission mechanisms may be provided for 
transmitting the power from the first and second drive mechanisms to the 
horizontal rail and grqjper, respectively. In one embodiment, a first power 

25 transmission mechanism may comprise a timing belt contained within one or 
both vertical rails 116, to which timing belt the horizontal rail is attached. A 
second timing belt may be used for driving the gripper horizontally along the 
horizontal rail 118, which belt is preferably encased within the horizontal rail. 
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As would be appreciated by those of skill in the art, other power transmission 
mechanisms may be used. The vertical rail encloses power rails in electrical 
connection with caniages at the end of horizontal rail 118 which provide power 
to the second drive mechanism on the horizontal rail driving the gripper 
5 theiiealcMig. The vertical rails also act as vertical guides for the horizontal rail. 

Several schemes may be utilized for passing control signals to the drive 
mechanisms of the horizontal rail gripper. In one embodiment, the control 
signals may be transmitted to drive mechanisms of both the horizontal rail and 
gripper over the power rails located in the vertical rails. In an alternative 

10 embodiment, infrared (IR) may be used to communicate the control signals from 
the vertical rail to the gripper drive mechanism on the horizontal rail. In this 
embodiment, an IR transmitter may be provided adjacent one of the vertical 
rails, directing the signal vertically to a mirror mounted on the horizontal rail. 
The mirror is mounted at a 45° angle toward an BR receiver on the gripper drive 

15 mechanism. Such a system will operate property regaixlless of the vertical 
position of the horizontal rail, and regardless of the horizontal position of the 
gripper. It is understood that other known schemes may be utilized for 
transmitting the control signals to the drive mechanisms. 

An exhaust source (not shown) may create a low pressure in the interior 

20 of the horizontal and/or vertical rails so that any particulates generated within 
those rails may be rmioved from the system, thereby minimizing particulates in 
the area of the process tools. 

As would be appreciated by those of skill in the art, various other 
locomotion, translation, and power supply systems may be substituted for those 

25 described above for accomplishing horizontal and vertical translation of grqiper 
120. Such systems may include various configurations of a first translation 
mechanism laid down over a second, orthogonally moving, translation 
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mechanism. Alternatively, systems having a single mechanism capable of X-Z 
translation may be utilized. 

Details relating to the gripper 120 are shown in the perspective view of 
Fig. 5 and the side view of Fig. 6. An Lrshaped bracket 140 mounted to the 
S power transmission mechanism within the horizontal rail 1 1 8 extends downward 
from the horizontal rail and inward into the space occupied by the pods. The 
grippe is mounted to the bracks 140, and includes pins 142 protruding upward 
from end sections of the gripper. When viewed from a direction of the 
horizontal translation along the horizontal rail 118, the grqjper 120 includes a 
10 substantially "C"-sh^)ed cross section. With such a sh^, the gripper is callable 
of moving horizontally over and around a handle 144 conventionally provided 
on an tsppeac sur&ce of pods 132. The handle includes detents 146 from matmg 
with pins 134. 

In order to grip and transfer a particular pod, a gripper and horizontal 
15 rail are moved vertically up or down within a space 113 until gripper 120 is 
located next to a pod to be retrieved. The grq>per 120 is positioned next to the 
pod at an devation such that the grqjper may next be moved horizontally along 
the horizontal rail 118 so that the "C"-shaped grq)per moves over and around the 
handle 144, until the pins 142 are substantially vertically aligned with the detents 
20 146. In this position, there is preferably no contact between the grqqper 120 
and tte handle 144, In a next step, the horizontal rail moves upward along the 
vertical rails so that the pins 142 engage within the detents 146, and respective 
surfaces of the gripper and handle lie in contact with each other. Continued 
upward movmient of the horizontal rail 118 along the vertical rails 116 will lift 
25 the pod off of its shelf, tool load port, or manual I/O port, and the pod may 
thereafter be transferred as desired, securely held by the gripper 120. 

In certain q>plications, and for certain pod positions, the grq^r may not 
be able to slide direcdy horizontally over the pod handle, as the travel path of 
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the gripper to the handle may be obstructed for example by the pod door. For 
such ^licatiom, it is contemplated that the gripper may move horizontally past 
the pod handle of a pod to be accessed at a height sufficient to clear the pod. 
Tlieieafier, the gripper may drop down to the pod gripping elevation, and then 
5 move back horizontally to position the gripper over the pod handle. Thus, the 
gripper according to embodiments of the present invention is capable of 
c^roaching and gripping a pod handle from either side of the handle. 

Where a gripper 120 is not carrying a pod, the gripper may move 
horizontally across pod-carrying shelves, with the gripper at the elevation of the 

10 pod handles within any given horizontal row. At this elevation, as the grqTper 
moves horizontally, gripper 120 passes around the pod handles without 
contacting the pod handles or pod. 

The grqxper and transport sy^em according to the present invention 
provide several advantages not found in conventional local tool buffers. First, 

IS because the grq>per is free to move around in the same plane as the pods, and 
because the rails axe thin and may operate directly adjacent the storage shelves, 
the present invention provides a pod transfer mechanism which does not 
significantly add to the footprint of the storage shelves. This is in contrast to 
prior art tool buffers, where the transfer robots take up a significant amoimt of 

20 space. Second, all transport of the pods between the ports and various storage 
shelves according to the present invention may occur without the pods ever 
leaving the X-Z plane of the ports and shelves. Thus, the present invention 
comprises a two-dimensional transport system. This further minimizes the 
fooQ)rint of the present invention. By contrast, prior art tool buffers employ 

25 three-dimrasional transport systems, in that the pods are transported outside of 
the X-Z plane in which they are stored. The footprint of such conventional 
buffers must be large enough to accommodate this three-dimensional transport. 
A still further advantage to the transport system of the present invention is that 
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the gripper may move horizontally over pod-carrying shelves. Thus for 
example, where a gripper needs to transport a pod located at the present 
elevation of the grqjper, but three columns over, the gripper may simply 
translate horizontally over to the pod, as opposed to having to move downward 
5 to a clear horizontal pathway, then horizontally, and then back up to the 
elevation of the pod. This ability of the present invention vastly improves pod 
transfer times. 

As is known in the art, the gripper may include sensors (not shown), 
occasionally referred to as squat sensors, for preventing a delivery and r^eval 

10 mechanism fitom setting down a pod on a shelf, tool load port, or manual I/O 
port already having a pod thereon. Although various known configurations are 
possible, in one embodiment, the squat sensor may be mounted on the gnpper 
120 to sense the positional relationship betwe^ the gripper and a handle 144. 
If the handle begins to sq)arate from its engagement with gripper 120 prior to 

15 a time when a pod is supposed to separate from the gripper, as for example if 
one pod were being s^ down on a shelf already having a pod, the sensor is able 
to detect this initial separation. Thereafter, the computer controlling the 
mechanism is alerted as to the potential problem and motion of the grq>per 
ceases. 

20 Upon location of a pod at its next destination, the horizontal rail and 

gripper arc lowered until the pod rests on the support surface (shelf, tool load 
port, ^.). Continued downward motion of the rail and gripper disengage pins 
142 from detents 146, to thereby disengage the grqjper from the pod handle. 
Thereafter, the gripper translates horizontally until the grqjper is no longer 

25 vertically aligned around the handle 144, and is once again free to translate 
vertically without contacting the handle or pod. 

In one emtxxliment of the invention, such as for example that shown in 
Figs. 3 A through 3C, the rotational orientation of the pod remains the same as 
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it is transferred brtweeai shelves 1 14, tool load port 126, and/or manual I/O port 
128. For such eaibodiments, the grq>per 120 may be fixedly mounted to the 
bracket 140, such as for example shown in Fig. 6. However, for alternative 
embodiments of the invention, explained hereinafter, it may be that the 
5 rotational orientation of the pod needs to be adjusted as the pod is transferred 
between shelves 114, the tool load port 126, and/or the manual I/O port 128. 
For such embodiments, the grqiper may be rotationally moimted with respect to 
the bracket 140 such as for example as shown in Fig. 5. As would be 
appreciated by those of skill in the art, bearings may be provided within the 

10 bracket 140 for rotationally supporting the grq>per 120, and various drive 
mechanisms including servo motors, stepper motors, or solenoids may be 
provided for rotating the gripper with respect to the bracket. The degree of 
rotation may be controlled by the computer controlling the system. 
Additionally, or alternatively, the shelves, tool load ports, and/or manual I/O 

IS ports, may include mechanisms capable of rotating a pod once located thereon. 
Details relating to the structure and operation of support surfaces csqpable of 
rotating pods located thereon is disclosed in United States Patent Application 
Serial No. 08/730,484, entitled ROTATED, ORTHOGONAL LOAD 
COMPATIBLE FRONT-OPENING INTERFACE, which appUcation is owned 

20 by the assignee of the present invoition, and which application is incorporated 
herein by reference in its entir^. While that application relates primarily to 
rotation of tool load ports, the various pod support surfaces in the present 
inv^on, including shelves 114 and embodiments of the platform 156 
(eT^lained hereinafter), may be provided with rotating capabilities according to 

25 known technology. 

As would be appreciated by those of skill in the art, various other known 
mechanisms may be used instead of gripper 120 to engage, transfer, and 
disengage pods 132. For example, while the system disclosed above is a passive 
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gripp^T (in that the gripper itself is of a fixed configuration), an active gripper 
may be used which includes jaws capable of closing and opraing, to thereby grip 
and lelease a pod. Moreover, it is understood that the structure and operation 
of the various grqjping mechanisms may vary dq>ending on the configuration of 
5 the pod to be grq>ped and transferred. 

An alternative of one such gripping mechanism is shown in Fig. 7. In 
sudi an embodimat, the bracket 140 mounted on horizontal rail 1 18 (not shown 
in Fig. 7) and gripper 120 are identical to those components described above. 
However, in this CTibodiment, the bracket further includes a plate 148 mounted 

10 on a top side of tte bracket 140 opposite gripper 120. The plate 148 preferably 
includes a plurality of autokinematic pins 150. The embodhnent of Fig. 7 
further includes a plurality of dielves 152, which are similar to shelves 1 14 with 
the exception that a central portion of the shelf is cut out so that apod 132 is 
supported on the shdf 152 around the lower outer edges of the pod. After a pod 

15 132 has hem c^tured by grqxper 120 as described above, horizontal rail 118 
may raise the gripper upward until the plate 148 and autokinematic pins 150 
contact the underside of the next upper pod 132. As previously indicated, a 
lower surface of pod 132 includes detents capable of mating with pins 150 so 
that continued upward mov^ent of the horizontal rail 1 18 will lift the pod 132 

20 off of shelf 152, with the pod securely held on plate 148 by pins 150, In this 
way, the tranqx>rt and retrieval mechanism according to the present invention 
may transport one or two pods simultaneously, and may gr^ a pod from its 
upper surface (by gripper 120) or from its lower surface (by plate 150). 

Various systems may be used to identify the position of the gripper 120 

25 as the gripper moves around the SDR system 122, thus allowing die gripper to 
be positioned at a desired location relative to a pod on a shelf or port. In order 
to idCTtify the horizontal position of the gripper, one or both of the vertical rails 
116 may include indidal marks which are read by srasors on the horizontal rail 
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as the horizontal rail passes thereover, so that the vertical position of the 
horizontal rail may be known. Such indicial marks may include, but are not 
limited to, RF emitters, optical fiducials, and mechanical flags. In order to 
identify the horizontal position of a gripper within the bay, the gripper may 
5 inchide a servo mechanism cooperating with the gripper driving mechanism for 
measuring how much the gripper has moved horizontally along the horizontal 
rail. The gr^iper may initially be refer^ced at its left or right most position on 
the horizontal rail, which position is known. Thereafter, the servo mechanism 
can identify and measure the horizontal moverorat of the gripper relative to the 

10 reference location. 

As would be qypreciated by those of skill in the art, other known 
schemes may be used to identify the X and/or Z position of the gr^>per within 
the SDR system 122. For example, in a further embodiment of the invention, 
a conductive strq) or coil may be moimted along the length of the grqiper, and 

IS the grq>per may include a conductive finger lying in contact with the strip or coil 
as the gripper moves along the horizontal rail. The strip or coil and the 
conductive finger on the gnppcr may form a portion of an electrical circuit, and 
the stiq> or coil may act as a variable resistance element, such that the resistance 
changes as the distance between a reference end of the variable resistance 

20 element and the conductive finger on the gripper changes. The variable 
resistance values may be mapped to a particular distance of the gripper away 
from the rsfairace end of the resistance element, thus indicating the position of 
the gripper along the horizontal rail. 

In a further embodiment for identifying the position of the grqyper, a 

25 beam knitter, such as for example a laser, may be rotationaUy mounted on the 
gripper so as to emit a rotating beam in the vertical X-Z plane. A pair of 
receivers may be provided for example at the base of the SDR system adjacent 
the vertical rails, which receivers periodically pick up the emitted beam as the 
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beam rotates. By triangulating the angle at which the rotating beam strikes first 
one receiver and then the other, the position of the grijjper may be calculated. 
This information may be used in a closed loop servo control system, and may 
also be useful in the event of a power failure, in that the emitter and receiver 
S system continuously identify the position of the grq>per. 

The portion of the SDR system facing the aisle of the tool bay may 
include a cover 152 (Figs. 2, 3A and 3B). Several standaids set by SEMI and 
other oiganizations relate to preventing conflicts between the automation within 
a wafer fab and the human operators within the fab; that is, areas where the 

10 automated machineiy could potentially injure or otherwise interfere with the 
human operators. The cover 152 minimizes the potential for 
operator/automation conflicts as a result of the shelves and rails being located 
entirely behind the cover, out of the way of the operators. The cover 152 
preferably includes an access window 154 at the tool load ports and manual I/O 

15 port, which window is the only location where moving parts of the present 
inv^ition (Le. , the giqxper and/or a pod held thereby) and an operator may come 
together in the same space. Thus, the present invention minimizes the danger 
of injury to and interference with the human operators. The cover 152 may 
further include panels (not shown) for allowing operators access to portions of 

20 tfaeprocesstoolasniay be necessary for niaint^iance and rq>air. Hie cover 152 
also preferably includes sections foimed of a clear material, such as for example 
plexiglass, so that an operator may look through the cover 152 while manually 
locating a pod on the tool load port, manual I/O port, or shelf at that elevation. 
The cover may alternatively be formed entirely of a clear material. 

25 As shown in Figs. 3A and 3B and as explained above, shelves 114 are 

mounted to wall 1 12 and are adjacent to and extend out away from the process 
tool 124. TTie gnpper 120 mounted on the horizontal and vertical fails is spaced 
away from the front of the tool a distance slightiy greater than the length of the 



wo 99/02436 



PCT/US98/14313 



-26- 

shdves. Tlius, as Itae horizontal rail translates, the rail passes in front of shelves 
114 and pods 132, while the grqyper 120 extends away from the horizontal rail 
into the space of the shelves. 

In an alternative embodiment of the present invention (not shown), the 
5 relative positions of the shelves and gripper may be switched. In this 
embodiment, the wall 112 may be supported from the ceiling and/or floor, with 
shelves 114 mounted thereto and extending toward the process tool 124. The 
vertical and horizontal rails in this embodiment would be positioned adjacent the 
process tool 124, with the gnpper 120 extending away from the process tool into 

10 the ^)ace occupied by the shelves and pods. Such an embodiment would be used 
for example, where a conveyor is attached to the front of the SDR system to 
deliver pods there to, as explained hereinafter. If the horizontal rail was on the 
aisle side of the shelves, the rail and conveyor would potentially interfere with 
each other. However, with the horizontal rail on the tool side of the shelves, 

15 there is no inteiference with the conveyor Where a conveyor is attached to the 
side of the SDR system to deliver pods thereto, the horizontal rail may be 
positioned at either the aisle or tool side of the shelves. 

In a further alternative embodiment of the invention (not shown), it is 
contemplated that a single SDR system may include two sets of vertical and 

20 horizontal rails, one set on the process tool side of the shelves, and the other set 
on the aisle side of the shelves. In this embodiment, the shelves may be 
mounted to a support platform mounted to the floor and/or the ceiling. Each set 
of rails includes its own gripper, such that two grippers are utilized within the 
SDR system to store, deliver and retrieve pods. The grippers may be 

25 cooperatively controlled by the software control system. It is further 
contemplated that two horizontal rails and grippers may be mounted on a single 
pair of vertical rails on either the tool or aisle side of the shelves. 
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Another feature of the present invention is that the SDR system is 
scalable. That is, the height and length of the SDR system may be configured 
to any desired sizes, deprading on particular dimensional requirements of the 
s^niconductor manufacturer's tool bay. Additionally, owing to the limidess X- 
S Z positioning of the transport system, the number, size, and spacing of shelves 
114 may be scaled as desired. Similarly, the transport system may be scaled as 
desired simply by changing the length of the vertical and/or horizontal rails. 
Finally, as e;q)lained hereinafter, the control system is easily adapted to control 
the SDR system regardless of the scale of the system. Once the shelves are 

10 positioned within the SDR system, the location of each shelf can be defined in 
a look-up table in the software control so that the transport system may be 
accurately positioned with respect to the shelves. Providing the controls with the 
location of each shelf may be easily accomplished, and no change in the software 
of the control system is necessary. 

15 It is a further feature of the present invention that wafers within a pod 

may be preconditioned by an injection of nitrogen, clean air, or other 
conditioning gas into the pods while the pods are located on shelves 114. Thus, 
thepreomditioning occurs away from the tool load ports, out of the critical path 
of the waf^ processing. D^ails relating to a system for preconditioning wafers 

20 within a pod are disclosed in United States PatCTt Application Serial No. 
08/678,890, entifled TWO STAGE VALVE FOR CHARGING AND/OR 
VACUUM RELIEF OF PODS, filed July 12, 1996, which appUcation is 
assigned to the owners of the preset invention, and which application is hereby 
incoiporated by reference in its entirety. 

25 Moreover, where pods are being stored for long periods of time, it may 

be possible to continuously feed nitrpgra or other conditioning gas into each pod 
on shelves 114, Alternatively, one such shelf may be provided with a gas 
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chaiging system, and the pods may be cycled around within the SDR system so 
that each pod is periodicaUy located on the charging shelf. 

Up to this point, the SDR systen 122 has bera described as being affixed 
to a front surface of a process tool. However, referring now to top and side 
5 views shown in Figs. 8A and SB, respectively, it is understood that the SDR 
system 122 may alternatively be placed to the side of a processing tool 124 
behind the tool bay wall 130, in between adjacent processing tools 124. 
Referring to the top view shown in Fig. 8A, there is shown pod 132, and pod 
1322 mounted on shelves 114i and 1142. Fig- 8A further shows a pod 1323 

10 mounted on a tool load poit 126 and a pod 1324 positioned on an active platform 
156. As previously explained, pods, such as for example pods 1323 and 1324 
may be brougjht to the process tool 124 and SDR system 122 by various systems 
including manually, via overhead delivery system, conveyor, or by guided 
vehicle. Once located on the active platform 156, the pod 1324 ^ preferably 

15 brought into the SDR system 122 by the platform, and thereafter positioned on 
a shelf 114 or tool load port 126 (not shown in Fig. 8A) located on the side of 
the process tool. As indicated, the pod may be brought into the SDR syst^ in 
an improper orientation for positioning on the tool load ports. The pod may 
therefore be reoriented as desired by having a rotating grq^er 120 and/or 

20 rotating support surface as described above. 

Hie pod 1324 positioned on active platform 156 may be brought into the 
SDR system 122 according to various known schemes. For example, platform 
156 may comprise a conveyor c£q)able of moving a pod from a position at 156, 
in the direction of the arrow to a position 1562. Thereafter, the pod may be 

25 manipulated by the X-Z transport system as described above. Alternatively, 
platform 156 may comprise stacked Selves, one or more of which being capable 
of ext^iding from a r^iacted position at I562 to an extended position at 156, to 
receive a pod thereon. Where platform 156 comprises a conveyor, two pods 
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may be located on the conveyor (Le. , one at position 156, and a second at ISdj). 
Where the platform 156 comprises an extending/retracting shelf, for example, 
an upper shelf of the platform may extend to receive a pod and then retract. 
Thereafter, a lower shelf of the platform 156 may extend to receive a second 
5 pod. 

This embodiment has the advantage of providing a local tool buffer for 
a plurality of pods, which buffer is located behind the tool bay wall. It is 
understood that a platform 156 described with respect to Figs. 8A and 8B may 
also be included as part of any of the previously described embodiments of the 

10 invention and any of the embodiments of the invention described hereinafter. 

In a preferred embodiment, the process tool 124 is substantially flush 
with the tool bay wall 130, and the load ports, manual I/O port, and SDR 
system lie in a space in fiont of the tool. In this configuration, for example, the 
overhead delivwy system may lower a pod to a shelf 1 14, or a port. However, 

15 in alternative embodiments of the invention, the shelves and ports may not be 
aligned with the conventional overhead delivery system. For example, as the 
SDR system integrates to the process tool, it is contemplated that the process 
tool and SDR system be moved back, so that the front of the SDR system is 
flush with the bay wall (and the firont of the process tool is behind the wall). 

20 In this embodiment, it is necessary to have an extmded shelf or conveyor 

which extmds outward into the bay to receive a pod where the overhead delivery 
system is looking to deliver it. If it is located at the 9(K)nun elevation, the shelf 
or platform may be fixed in an extended position (as pods are not delivered to 
the tool or SDR system below that elevation). Either an extended shelf or 

25 conveyor would work in this instance. If it is located above the 900nun 
elevation, the shelf should be retractable so as to extend when receiving a pod, 
but to retract thereafter so as not to interfere with subsequent delivery to lower 
positions, and so as not to interfere with the horizontal rail in embodiments 
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where the rail is located on the aisle side of the shelves. Similarly, for the 
embodiment of the inv^on shown in Figs. 8A and 8B, where the SDR system 
is located on the side of the tool behind the bay wall, a shelf may extend 
outward into the bay to receive a pod where the oveAead delivery system is 
5 looking to deliver it. Again, if the extended shelf is above 900mm, it must be 
retractable to allow delivery to positions below. After the shelf or conveyor 
receives the pod, it may be brought into the SDR system and transported as 
previously described. 

As indicated above, the SDR system shown in Figs. 8A and 8B is located 

10 entirely behind the bay wall 130. As shown in the alternative embodiment of 
Fig. 8C, it is further contemplated that the position of the SDR system remams 
parallel to the side of the process tool, but that it extend a distance of 
approximately one pod width into the tool bay. TTius, pods may be delivered 
to and retrieved from shelf II43 on the portion of the SDR system positioned on 

15 the tool bay side of the walll30. The standard delivery mechanisms (overhead 
transport, conveyor, guided vdricle, may be used to deliver and retrieve the 
pod fiom the shelf 1 143. Pods may also be transferred around within the SDR 
system as described above, including moving pods between the portion of the 
SDR systan in the tool bay and the portion of the SDR in the chase. Pods may 

20 also be transferred between the portion of the SDR system in the chase and the 
process tool 124. 

An advantage to the SDR system according to the present invention, 
whether located on the front of the tool or to the side of the tool , is that the SDR 
system does not add to the depth (for ftont oriented systems) or width (for side 
25 oriented systems) of the process tool. In conventional process tools, the tool 
load port sticks out from the front and/or side of the tool a distance at least as 
great as the pod depth, thus enabling the tool load ports to accq>t pods thereon. 
Preferred embodim^its of the present invention are configured to fit over, or to 
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envdop, the load ports without adding to the d^th of the load ports or process 
tool. This is another feature allowing the present invention to provide local tool 
bufiering without appreciably adding to the foo^rint of the process tool. 

Up to this point, the invmtion has been described as including a plurality 
5 of shelves located above and to the sides of each other, i.e., lying one deq) from 
the perspective of the X-Z plane. Referring now to the side view of Fig. 9A, 
according to an alternative embodiment of the invention, the SDR system may 
include a plurality of shelves stacked two deep with respect to the X-Z plane. 
As shown in Fig. 9A, a first layer of pods 132 are stored in a first X-Z plane 

10 over a pair of vertically stacked tool load ports 126. A second pair of pods 132 
are stored in unused space over the process tool 124. Thus, as indicated for the 
previous ^bodiments, the ^bodiment of Fig. 9A may provide local buffering 
without significantiy adding to the existing foo^rint of the process tool. In 
order for gdppex 120 to access the rear pods (i,€* , those pods located over the 

15 process tool), the forward pods must first be removed and rq>ositioned. As 
previously indicated, grq)per 120 is mounted on horizontal rail 118 which in turn 
rides on vertical rails 116. Therefore, in one embodiment of the inv^tion, in 
order for gripper 120 to access the rear pods, grqiper 120 may include 
telescoping members which allow the gripper to extend rearward into a position 

20 where it may grasp the rearward pods. In such an embodiment, the pods may 
be supported on shelves as described above and as shown supporting the lower 
pair of pods in Fig. 9A. In this embodiment, the shelves may be combined as 
one long sbeif mounted from the rear wall 112, or two separate shelves mounted 
in the side of the SDR system and extending inward toward the middle of the 

25 system {e.g. , into the page of Fig. 9A), 

In an alternative ^bodiment of the invention shown in Fig. 9A, gripper 
120 may not be a telescoping mechanism, and instead the pods 132 may be 
si^iported on platform 156 as described above with respect to Figs. 8A and 8B 
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and as shown sui>poitmg tbe u^perpair of pods in Fig. 9A. As in Figs. 8A and 
8B, platform 156 may comprise a conveyor capable of moving a pod rearward 
to the rear position and forward from the rear position. Alternatively, platform 
156 may comprise stacked shelves with the rearward shelf capable of extending 
5 to receive and present a pod to the gripper 120 and csq)able of retracting to its 
rearward position to store the pod. While the embodiment of Fig. 9A shows a 
mixed configuration where the lower pods are stored on a pair of stationary 
shelves that operate with an extending grqyper, and the upper shelves are stored 
on a translating platform operating with a fixed position gripper, a preferred 

10 embodiment comprises either the fixed shelves 1 14 or the platform 156, 

Although a preferred embodiment occupies only unused space over the 
process tool, it is understood that the rows may extend into the aisle of the tool 
bay instead of or in addition to occupying unused space over the process tool. 
Moreover, it is understood that the ^bodiment of the invention may include 

15 more than two rows deep from the perspective of the X-Z plane. As shown in 
the top view of Fig. 9B, in embodiments where the platform 156 comprises a 
conveyor, the conveyor may be extended backward a relatively large distance 
into the chase, or forward into the tool bay (dq)ending on its elevation). 
Additionally, as shown in the top view of Fig. 9C, the conveyor 156 may be 

20 made part of a conveyor loop, which locp is oqpable of storing pods 132. When 
a particular pod stored in the loop needs to be accessed by the system, the loop 
rotates until the desired pod is again located on the conveyor 156, which may 
then present the pod for transfer. Finally, as shown in the top view of Fig. 9D, 
the conveyor loop may include more than one platform 156, 

25 It is cont^nplated that the embodiments of the invention shown in Figs. 

9A-9D may be combined with the previously described embodimrats, such as 
for example the side-mounted SDR syst^ of Figs. 8A and 8B, and also with the 
CTibodiments described hereinafter. 
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Up to now, the SDR system has beem described as gripping a pod handle 
for transporting the pods around within the buffer. In an alternative embodiment 
of the invention, it is contemplated that the gripper of the SDR system be used 
to grq) and cany away the pod cover once the cover has been separated from the 
5 pod base while the pod is located on a load port. In this embodiment, the load 
port may include telescoping side panels to create a mini-environment 
substantially isolating to the cass^ once the pod cover is gripped and sq>arated 
from the pod base. Details relating to such a system are disclosed in United 
States Patent Application Serial No, 08/730,643 entitled LOAD PORT 
10 OPENER, ffled October 11, 1996, which plication is assigned to the owner 
of the present invention, and which plication is incorporated herein by 
reference in its entirety. A shelf may be provided to receive the pod top from 
the giipptT to free the gripper for other operations. 

Mult i ple Storage , Pe l iv crv and Retriev a l S y stem s on Single Process Tool 
15 Up to this point, the inv^on has been described as comprising a single 

SDR systm on a single process tool. However, in the embodiments described 
with respect to Figs. lOA-UB, the invention comprises a multiple SDR system 
mounted on a single process tool. Elements having the same function and 
operation as in the above-described embodimrats are given like reference 
20 numerals. 

Referring now to top view of Fig. lOA and the front view of Fig. lOB, 
there is shown a multq^le SDR system 158 mounted proximate a process tool 
124. Hie multiple SDR systOTi 158 may comprise a pair of SDR systems 122, 
mounted side-by-side, each of which systems 122 being identical to 
25 CTibodiments of the SDR system 122 described above. Each SDR system may 
includeaphiralityof shelves 114 for storing a plurality of pods 132, andanX-Z 
transport system comprising a grqyper 120 translationally mounted on a 
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horizontal tail 118, which rail is in turn vertically mounted on a pair of vertical 
rails 116- The two SDR systems of the multiple SDR system are cooperatively 
controlled by the control software such that each may supply wafers to and 
receive wafers frcm the process bx)l at alternating intervals. Of course, it could 
5 be that one system 122 supplies pods to the process tool, while the other system 
122 receives pods from the process tool. TTie embodiment of the invention 
shown in the top view of Fig. IOC is similar to the embodiments of Figs, lOA 
and lOB, with the addition of a conveyor 160 for transferring pods between the 
two SDR systOTis 122 of the multiple SDR systCTi 158. In this embodiment, the 

10 conveyors enters into the respective SDR systems though the sides of the 
systOTis. One or more SDR systems, on the same tool or different tools, may 
be linked tog^her via a length of conveyor extending betwera the SDR systems. 
In such embodiments, one end of the conveyor may be positioned in the place 
of a shelf in the first SDR system to receive a pod from the gripper 120 of the 

15 first SDR system. The opposite end of the conveyor may be positioned in the 
place of a shelf in the second SDR system to allow the gripper 120 of the second 
SDR system to r^eve the pod. While Fig. IOC shows the conveyor extending 
one shelf length into the sides of the SDR system, it is understood that the 
conveyor 160 may extend into the SDR systems more than one shelf length. 

20 The elevation of the conveyor may vary in alternative embodiments, but it is 
preferably hi^ enough not to interfere with the human operators in the bay. Of 
course, pods may also be transferred between the adjacent SDR systems by the 
overhead delivery systems or guided vehicles. 

Referring now to top views of Figs. 1 lA and IIB, there are shown two 

25 further embodiments of a multq>le SDR system 158 mounted proximate a 
process tool 124. The mult9>le SDR syst^ 158 in botfi Figs. 1 1 A and IIB may 
comprise a pair of SDR systems 122, mounted back-to-back, each of which 
systems 122 being identical to embodiments of the SDR system 122 described 
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above. Each SDR systen in both Figs. 1 1 A and IIB may include a plurality of 
shelves 114 for storing a plurality of pods 132, and an X-Z transport system 
comprising a grqjper 120 translationally mounted on a horizontal rail 1 18, which 
rail is in turn vertically mounted on a pair of vertical rails 116. The individual 
5 SDR systems 122 may be cooperatively controlled via the control system to 
transfer the pods between the tool load ports of the process tool 124 and the 
shelves within the multiple SDR system 158. 

The embodiment of Fig. 1 1 A is similar to the embodiment of Figs. 8A 
and SB where the SDR system is mounted on the side of the process tool, with 

10 the modification that the embodimrat of Fig. 1 1 A includes a pair of the back-to- 
back systems 122. Pods may be loaded onto and reeved from platform 156 
at a location 156i either manually, by overhead delivery systems, by conveyor, 
or by guided vdiicle. Once a pod is loaded onto platform 156 at location 156i, 
the platform may bring the pod into the forward SDR system 122 (/.e., the 

15 system 122 nearest the bay wall 130), and/or the rear SDR system 122. As 
above, platform 156 may comprise a conveyor capable of rotating forward or 
backward to move a pod between the forward and rear SDR systems and the 
position 156i. Similarly, the platform 156 may comprise two or more stacked 
shelves, one or more of which being capable of extending and retracting so as 

20 to move a pod positioned thereon l)etween the forward and rear SDR systems 
and the positbn 156i. One or both of grqppers 120 in the multiple SDR system 
158 of Fig. IIA may preferably be capable of rotating a pod so as to rotate it 
from its initial orientation shown at position 156i to its final orientation within 
the system, and visa-versa. Alternatively or additionally, where platform 156 

25 comprises two or more shelves, the shelves may be enable of rotating the pod. 

The CTibodiment of Fig. 1 IB is similar to the embodiment of Figs. 3A- 
3C where the SDR system is mounted on the front of the process tool, with the 
modification that the ^bodim^t of Fig. 1 IB includes a pair of the back-to-back 
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systems 122. In this raibodiniOTt, the tool and SDR system arc set back so that 
only the liont SDR system protnides past bay wall 130 into the tool bay. This 
rcsults in a net footprint increase of only the rear SDR system. A pod may be 
transferred to or from one of the shelves 114 in the front SDR system either 
5 manually, by overhead delivery systems, by conveyor, or by guided vehicle. 
Where a pod has been loaded into the mult5)le SDR system 158 of Fig. IIB, the 
pod may thereafter be stored in the front SDR system, or transferred to the rear 
SDR syst^ via the platform 156. Again, the platform 156 of this embodiment 
may comprise either a conveyor or stacked shelves capable of extending and 

10 retracting. Once in the rear SDR system, the pods may again be stored or 
transferred to the tool load port. Upon completion of processing on a particular 
lot of wafers, the subject pod may be transferred from the tool load port to a 
shelf in the rear SDR system, or to a shelf in the forward SDR system via the 
conveyor 156. Although not shown, it is contemplated that the multiple SDR 

15 systems of Figs. UA and UB may include more than one conveyor 156 for 
transferring pods bdwem the two individual SDR systems. It may be desiiable 
in the embodiniCTts of Figs. UA and IIB to locate the horizontal rail on the tool 
side of the ^Ives in the rear SDR system and in the aisle side of the shelves in 
the forward SDR syst^. That way, the horizontal rail cannot interfere with the 

20 conveyors shuffling pods between the front and rear SDR systems. 

Single Storage. Delivery and Retrieval S ystems on Multiple Process Tools 

It is another feature of the present invention to allow tools to be joined 
tog^herbytheSDRsy^em 122, so as to facilitate the transfer of pods between 
these tools. For example, it would be advantageous to link together a process 
25 tool and a metrology tool responsible for testing wafers prior to entry into that 
process tool, or upon exit from that process tool. Similarly, it would be 
advantageous to link together certain process tools, such as for example a wet 
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stadon and a furnace, so that wafers firom the wet station may be passed quickly 
via the SDR system to the furnace to minimize native oxide growth. Moreover, 
it would be advantageous to link together two of the same process tools. Thus, 
if one went inactive, pods scheduled for that tool could be rerouted via the SDR 
system to the active tool. 

An embodiment of the present invention providing these advantages is 
shown in tfie front view of Rg. 12. The CTibodimait of Fig. 12 is similar to the 
CTibodiment of Figs. 3A-3C where the SDR system is mounted on the front of 
the process tool, with the modification that the embodiment of Fig. 12 includes 
a single SDR system 122 that is scaled to service two adjacent process tools 124. 
As in the above embodiments, the SDR system of Fig. 12 may include a 
plurality of shelves 114 for storing a plurality of pods 132, and an X-Z transport 
system comprising a gripper 120 translationally mounted on a horizontal lail 
118, whidhi rail is in tum vertically mounted on a pair of vertical rails 116. The 
control software may control the operation of the X-Z transport system to 
transfer pods between the shelves and ports of both tools as needed. Although 
the descrq)tion of Fig. 12 has been with respect to two process tools, it is 
understood that this embodiment is equally applicable to a process tool and 
m^lpgy tool. It is further understood that the embodiment of Fig. 12 may be 
combined with embodimrats of the invention described above, such as for 
example the back-to-back multiple SDR system 158 of Fig. IIB, and 
embodiments of the invention described hereinafter. 

In certain instances, process and/or metrology tools may be stacked on 
top of each other. It is further contemplated that the SDR system according to 
embodiments of the present invention would be sized to service the stacked 
tools, and to transport pods between the respective stacked tools and storage 
shelves of the SDR system. 
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A Storage. Delivery and Retrieval Syste m as a Stand-Alone Stocker 

As set forth in the Background of the Invention section, tool bays 
typically include stockers capable of storing a plurality of pods. Rectilinear 
stocks, such as shown in Fig. 1 A, typically include a bank of storage shelves 
5 and a robot in front of the ^Ives for transferring pods to and from the shelves. 
Occasionally, another bank of storage shelves are added juxt£qx)sed to the first 
bank, with the robot in the middle transferring pods to and from both banks of 
shelves. As explained in the Background of the invention section, such 
rectilinear stockers have several shortcomings. For example, each colunm of 

10 storage shelves must be immediately adjacent the trans[K)rt robot, and such units 
are limited to having two colunms of shelves in any given plane. The robot is 
incapslblc of reaching remote shelves. Additionally, rectilinear stockers requiie 
a relatively laige amount of space, owing to the facts that the robot requires its 
own space, and the robot is a three-dimensional transport mechanism. 

15 As a stand-alone stocker, the present invration is able to solve these 

problons of the prior art. As the griH)er is cjpable of accessing any point in the 
variable size SDR system, the system may be provided with a large and variable 
nimibCT of colunms in the plane of the system. Moreover, the stocker according 
to the present invention is able to provide comparable storage capacity to 

20 conventional rectilinear stockers, but does so in a smaller footprint. As shown 
for example in Hg. 2, the preset inv^on comprises a bank of storage shelves 
114 occupying substantially the same space as the storage shelves in rectilinear 
stockers. However, as the X-Z transport system substantially envelops and 
overiies the shelves, the presMt invention is capable of transporting pods to and 

25 from the shelves in a much smaller footprint than conventional pod handling 
robots. In one embodiment, the transport system may add as little as 
approximately three inches to the depth of the shelves. Another feature of the 
stocker according to the present invention is that the pods remain stationary 
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while stoied in the sCocker. Some CQOvratioiial stockers provide a carousel-type 
syst^ wherein the pods circulate imtil the pod to be accessed is rotated into the 
transport position. Such syst^s are susceptible to vibration, which may in turn 
generate particulates on the wafers. Owing to the stationary storage positions 
5 in the SDR system, this is not a concern in the present invention. 

It is a fiirther advantage of the stand-alone stocker according to the 
present invention that it provides a higher storage drasity in the same or smaller 
footprint than conventional local tool buffers. Referring to Fig. 13A, there is 
shown a graphical represratation of the storage density (/.e., ratio of storage 

10 space to footprint) for a three pod wide, two pod deep SDR system, such as 
shown in Fig. 1 1 A. As in the graphical representation of the storage density for 
conventional buffers in Figs. IB-IC, each box rq)resents a space c^)able of 
being occupied by a single pod. The storage drasity for the system shown in 
Fig. IIA is therefore 4 to 6 or 66%. A system according to the present 

15 invention one pod deep and three units wide would have the same storage 
dmsity. Referring to Fig. 13B, there is shown a graphical r^resentation of the 
packing for a four pod wide, two pod deep SDR system. The storage density 
for such a system is 6 to 8 or 75%. The prior art is imable to provide a storage 
density in that range. 

20 As shown in Fig. 13C, the SDR system 122 may be provided at various 

locations throughout the bay, as a stand-alone stocker. In a preferred 
^bodiment, Ae syst^ 122 may be oriented so that its side is adjacent the tool 
bay wall (as in the embodiment of Figs. 8A and 8B). Alternatively, the SDR 
system according to this embodiment may be partially within the tool bay and 

25 partially in the chase. It is understood that there may be other oriratations of the 
SDR system according to this embodiment. Moreover, it is contemplated that 
the SDR system of this embodiment may be combined with embodiments 
described above, such as for example the back-to-back SDR system disclosed 
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with respect to Figs. 11 A and IIB. Such an embodiment may include one or 
more conveyors for moving the pods between the front and rear SDR stocker 
units. This design provides rapid pod transfer in the X-Z plane by the grij^r 
and in the Y direction by the conveyors, without danger of the various transports 
S interfering with each other. 

Software Control System 

The operation and software control of the buffer syst^ will now be 
described with reference to the flowchart shown in Fig. 14. The material 
control software in general includes a fab-wide scheduling routine and, in some 

10 instances, an intrabay scheduling routine. The fab- wide and intrabay scheduling 
routines are generally unaffected by the present invention, except to the extent 
the hand-off to the process tool becomes less critical with respect to arrival. 

U.S. Patent No. 5,166,884, U.S. Patent No. 4,974,166, and U.S. Patent 
No. 5,097,421, assigned to the owner of the present invention, each relate to a 

15 so-called "SMART tag" system, wherein a wafer lot may be tracked at its 
various locations around a wafer fab, and may be controlled with respect to 
which processes are performed on that lot. The above-named three patents are 
hereby incorporated by reference in their entirety. In particular, each pod 
includes an electronic tag 162 (Fig. 9A) which stores hiformation identifying the 

20 particular wafer lot within the pod, and the particular processes to be performed 
on the lot. The gripper may include sensors cs^ble of retrieving this 
information from the SMART tags, and communicating this information to the 
buifer scheduling routine and tool. Instead of or in addition to the SMART tag 
system, a bar code reader or RF receiver may be provided on gripper 120. In 

25 such embodiments, as the gripper moves horizontally along a row and/or 
vertically along a column, the bar code reader reads a bar code, or the RF 
receiver receives indicial information, provided on each pod in the row and/or 
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column. It is also contemplated that the horizontal rail have a plurality of such 
sensors along its length, with each sensor aUgned with a column of storage 
shdves. In this ^bodiment, the sensors may map each of the pods in the SDR 
qrst^ during one comply vertical pass ofthe horizontal rail. This information 
5 canalsobeusedtotrackthepodsandcontrolthemovement of thepods. It is 
understood that various other schemes may be used for storing information 
relating to a particular wafer lot, and for retrieving and transferring this 
information. For example, in an alternative embodiment of the invention, the 
pods may be devoid of any SMART tag, bar code or other indicial mark. 

10 In some instances, a wafer lot within a pod is designated as a priority lot. 

For various reasons, it may be desired to complete the semiconductor processing 
sequence on a particular lot in a shortened period of time. Accoidingly , once 
it has been determined that a tool load port is soon to be available in the step 
200, the scheduling routine next checks to see if a priority lot is scheduled in a 

15 step 204. If there is, the priority lot is obtained and loaded onto the tool load 
port when it becomes available, in a step 206. The information indicating the 
priority nature of a lot may be contamed in the pod SMART tag, encoded in the 
bar code or RF transmitter, or indicated by some other known indicial scheme. 
The scheduling routine them returns to step 200 to check for the next available 

20 tool load port. 

If the scheduling routine determines that there is no priority lot, it next 
checks to see if there is any nonnal production wafer lot in the buffer scheduled 
in a step 208. In a preferred embodiment, the scheduling routine utilizes FIFO 
logic so that, where more than one normal production lot is scheduled, the 

25 program causes die buffer to select the lot which has been stored for the longest 
period of time, and transfers that lot onto the tool load port in a step 210. 

On occasion, lots are sent through a process to test various parameters 
on the wafers and/or within the process tool, Tliese lots are referred to as 
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"engineering lots". Alternatively, an operator may want to interrupt the 
scheduling routine, and manually r^eve a pod for relocation to another tool or 
location. If the scheduling routine determines in a step 208 that there are no 
normal producti<»i lots scheduled for the soon to be available tool load port, the 
5 routine next checks in a step 212 for any engineering or intenupt lots. If there 
are, those lots are transferred to the manual I/O port, again applying FIFO logic, 
in a stq) 214. The information indicating that a lot is an engineering or interrupt 
lot may be contained in the pod SMART tag, encoded in the bar code or RF 
transmitter, or indicated by some other known indidal scheme. The routine next 

10 r^ums to step 200 to check for the next avaihible lot. If a tool load port is soon 
to be available, and there are no priority, normal production, or 
OTgmeering/intemipt lots scheduled for the available process tool in the bay 100, 
the automated material handling system (AMHS) scheduling routine operates to 
obtain a lot scheduled for the available process tool, and that lot is transferred 

15 to the buffer in a step 216. 

As discussed above, it is important that the process not be left idle. 
Tlierefore, the hi^iest priority for the intrabay scheduling routine in a preferred 
^bodiment is to ^isure that pods are quickly removed and replaced on the tool 
load ports in steps 202-216 upon completion of a process. However, in the 

20 event that the scheduling routine determines that there are no tool load ports 
which are soon to be available (for example, within the next 1 to 2 minutes), the 
next order of priority for the bufier scheduling routine is to bring more pods into 
the buffer. The intrabay scheduling routine may use various criteria for 
selecting a shelf on which to store the pod, such as for example, the nearest 

25 available shelf to the load port to which a pod is to be next transferred. In a 
step 221, the scheduling routine also stores information contained in the lot's 
SMART tag, bar code, or RF transmitter relating to the process or processes to 
be performed on that lot, whether the lot is a priority or engineering/interrupt 
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lot, tbe addiess of the shdf on which the pod is stored, and the time at which the 
pod is stored. This infonnation is used in steps 204-212 to determine tte 
priority in which the pods are transferred to the load ports. 

On occasion, more than one process is performed on a lot within the 
5 same Imffer. As such, once a lot has been removed from a load port upon 
completion of a process thereon, the scheduling routine checks in a step 222 
whether that lot is to undeigo additional processes within another tool served by 
the SDR system. If there are, the lot is returned to a storage shelf 114 m the 
step 220, and if there are no additional processes to be performed on that lot in 

10 the tools served by the SDR system, the pod is preferably transferred back to the 
delivery system in a step 224. 

As would be q)preciated by those of skill in the art, the system of 
operation shown in Fig. 14 and described above is only one of many 
embodimrats for the control of the buffer according to the present invention. 

15 Several other priorities and contingencies may be included in the routine in 
addition to or instead of the above-described criteria for determining the 
operation of the syst^. Additionally, the described system is a pull based 
system. That is, the algorithm focuses on wh^er a tool load port within the 
buffer is open, and if so, a pod is transferred, or pulled, to the available load 

20 port. 

It is also contonplated that the software control include code for handling 
pow^ failure to the tool. As would be ^reciated by those of skill in the art, 
in the evmt of power failure, various error recovery schemes may be provided 
in the software control for re-identiiying the number, location, and/or identity 
25 of the lots upon resumption of processing. In one embodiment of the invention, 
the grqjper may return to a home position upon loss of power. The algorithm 
handling power failure may cooperate with sensors on the gripper and/or 
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horizontal rail to ^isurc that the gppper may return to the home position without 
colliding with other stnictures in the SDR systCTi or on the tool. 

The gppper may include various other positional sensors (not shown) for 
seising positions of the pods as it moves. As would be appreciated by those of 
5 skill in the art, such sensors may be used to ensure that the pods are properly 
positioned on the shelves. The sensor system may be any of various sensing 
systems, such as for example optical block-the-beam or reflective sensors, IR 
sensors, lasers or video cameras such as a charge coupled display (CCD) 
camera. 

10 In order to introduce a pod into the SDR system, a human operator 

generally locates the pod on the manual I/O port 128. However, manual 
location of a pod on the manual I/O port 128 whwi all other available storage 
locations within the SDR system are occupied by pods would result in a system 
back-up, in that the X-Z transfer mechanism would not be able to lift and 

15 transfer a pod anywhere. The above-described scheduling routine is able to 
control the automated delivery equipment to avoid this situation. However, 
human operators may not be able to recognize this situation. Therefore, 
according to a further embodiment of the invention, if all available storage 
locations in the SDR system are occupied, the software control system 

20 automatically moves a pod to the manual I/O port 128, to thereby prevent an 
operator from loading another pod thereon and for curing that at least one 
shelf is available to shuffle and transport pods around the SDR system. 

AWiougJi the invention has been described in detail herein, it should be 
underwood that the invention is not limited to the embodiments herein disclosed. 

25 Various changes, sub^tutions and modifications may be made thereto by those 
skilled in the art without dq>arting finom the spirit or scope of the invention as 
described and defined by the appended claims. 
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1. A mechanism far storing and/or transporting a container, comprising: 

a support structure; 

at least one shelf mounted to said support stnictuie and extending 
into a reference plane, said at least one shelf ca])able of supporting the 
container; and 

a transport mechanism, including: 

apair of vertical rails mounted to said support structure, 
a horizontal rail translationally mounted to said pair of 
vertical rails for vertical movement with respect to said vertical 
rails, and 

a gripper translationally mounted to said horizontal rail 
for horizontal mov^mt with respect to said horizontal rail, said 
gripper cq>able of gripping and transportmg the container. 

2. A mechanism for storing and/or transporting a container as recited in 
claim 1, wherein said gripper is constrained to travel vertically and 
horizontally in said reference plane. 

3. A mechanism for storing and/or transporting a container as recited in 
claim 1, said mechanism fitting over a tool load port of a semiconductor 
process tool, and the mechanism transferring the container to and from 
said semiconductor process tool. 

4. A mechanism for storing and/or transporting a container as recited in 
claim 1, said mechanism performing as a stocker for storing container. 



wo 99/02436 PCTAJS98/14313 

1/19 




FIG. 1A 

(PRIQRAFT) 
SUBSTITUTE SHEET (RULE 26) 



wo 99/02436 



PCT/US98/14313 



2/19 




FIG. IB 




Occupied by Robot 



I I Available for Storage 





Occupied by Robot 
I 1 

Available for Storage 



FIG. 10 

SUBSTITUTE SHEET (RULE 26) 



wo 99/02436 



3/19 



PCT/US98/14313 



22 




FIG. 2 



SUBSTITUTE SHEET (RULE 26) 



wo 99/02436 



4/19 



PCTAJS98/14313 




FIG. 3B FIG. 30 

SUBSTITUTE SHEET (RULE 26) 



99/02436 



5/19 



PCT/US98/14313 




FIG. 3D 



SUBSTITUTE SHEET (RULE 26) 



wo 99/02436 PCT/US98/14313 

6/19 



a D 



134 



- J ipu I 




114 



■1 1 

FIG. 4A 



132 



f — — \ 
t — — \ 



. v / 

V J 



136- v_/34 

FIG.4B 



SUBSTITUTE SHEET (RULE 26) 



wo 99/02436 



7/19 



PCT/US98/14313 




SUBSTITUTE SHEET (RULE 26) 



wo 99/02436 



8/19 



PCT/US98/I4313 





132 



FIG. 6 



SUBSTITUTE SHEET (RULE 26) 



wo 99/02436 



9/19 



PCr/US98/143I3 




SUBSTITUTE SHEET (RULE 26) 




FIG.8B 

SUBSTITUTE SHEET (RULE 26) 




FIQ, 9A 



SUBSTITUTE SHEET (RULE 26) 



wo 99/02436 PCTAJS98/14313 

12/19 



132- 



132- 






FIG. 9B 



■122 



o 



o 



132 
122 



n 

2 



/32 




132 rl^O 



o 



o 




/22- 



o 





132 



o 




13 2^160 



V 



132- 




o 



O 



^#1 



SUBSTITUTE SHEET (RULE 26) 



13/19 



PCT/US98/14313 




SUBSTITUTE SHEET (RULE 26) 



wo 99/02436 PCTAJS98/I43I3 

14/19 




FIG. 10C 



SUBSTITUTE SHEET (RULE 26) 



wo 99/02436 PCTAJS98/143I3 

15/19 




I 




FIG, 11B 



SUBSTITUTE SHEET (RULE 26) 



wo 99/02436 



16/19 



PCTAJS98/14313 




SUBSTITUTE SHEET (RULE 26) 



wo 99/02436 



17/19 



PCT/US98/143I3 




FIG. 13A 



Reserved for Transport 
[ I Available for Storage 

FIG. 13B 

SUBSTITUTE SHEET (RULE 26) 




wo 99/02436 PCTAJS98/14313 

18/19 




FIG, 13C 



SUBSTITUTE SHEET (RULE 26) 



wo 99/02436 



PCTAJS98n4313 



19/19 













If 
III 


"O 
Q> 

B 








CO 


rfor 


o 


c: 
o 




o 


o> 


iori 




-o 

Q> 




Q> 


o 




CO 


k- 




O 


CO 


JO 








a> 






o» 


CO 


k_ 


o 






-o 
-o 
o 


CO 


the 


ineeri 






CO 


a> 




a> 


a> 








o 








o 


o 

h— 






Si 
















o 












o 


o> 


c: 






^» 


o 














"S 




o 




-o 


k- 




o 




o 






o 




O 


CO 




en 


< 


o 










o 


CO 






o 





















o 
























-o 






o 






CL 




-♦-^ 






CO 








1 














a> 










"a> 















CO 

a> 



CO 





lot and 
1 load 






^ o 
~ o 






5 ^ o- 
o. a> 




CM 


M o 
CD 





priority lot 
buffer? 


No 


lot in the 
fer? 


No 


engineering 
t lot in the 
fer? 


Is there a 
in the 




Is there a 
buf 


CM 


Is there or 
or interrup 
buf 



CO 
CD 
>- 



•t; CO — 



-O CO » O- 

S2 5 £ CD _ 
CO « o 



<L> C 

CD O o 



CM 



CM 



to 



o o g 



a> o o 

CD E 



o 



C9 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US98/14313 



A. CLASSIFICATION OF SUBJECT MATTER 
IPC(6) :B650 65/00 
US CL :414/28] 

According to International Patent Classification (IPC) or to both national classification and IPC 

R FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 414/279.281,282.940 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document with indication, where a|q>ropriate, of the relevant passages 



Relevant to claim No. 



X 
X 



us 5,628,604 A (MURATA et al) 13 May 1997 (13.05.97), see 
entire document. 

JP 3-244121 A (KOIKE) 30 October 1991 (30.10.91), see figure 1. 
JP 4-171716 A (KANO) 18 June 1992 (18.06.92), see figure 1. 



1-4 

1 
1 



I I Further documents are listed in the continnatioa of Box C. | | See ]>atent family annex. 



S^momI cati||aVMS of cttsd dncuntm: 
to bo of putioulij foteraon 



1 fibng dat* or prioriqf 
diM ttd not in coBiflict with dM i p pb oti oa but citod to trndntand 
dw pimcipto ox ttnoffy 'f'^^F^jf^fl tho invcniioo 

doouDrat of ptfticiibj nloTUkMi tbo olsnned tnvostjoQ Mnitot bo 
conf MtflTod oovel or ^''******** bo coctidwd to nvt^o on nivootivo stip 



docmnent wfaioh moy ifaraw dovtbte oo priority cliiis{t) or 
cited to iiitiMnfa ttw pubhcsttOQ doto of cttfttioci or 

■peetal reaoon <•* ip ocificd) 



doctmicst ptibliihcd pnor to tlio i ii iiti mtiono I fUio^ doto but liisr thon 



dowiHiBct of putMubtt folovoDcov tbo oluncd mvontton oiwot bo 
coostdtrod Co niToivo on sivoiitivo it^> wbco llio docuncot li 
oonboBod widi ooo or moro ^hIwi ni^i docuHicoti, oucli cosnbsnotioii 
bonis obvtottt to « ponon drilled in cbo ort 

docuaeat noaber of tfao unto p o t ooi baily 



Date of the actual completion of the intemationai search 
15 SEPTEMBER 1998 


Date of mailing of the intemationai search report 

19 OCT 1998 


Name and mailing address of the ISA/US 
Cammissioncr of Patents and Trademarks 
Box PCT 

Washingum. D.C 2Q231 
Facsimile No. (703) 305-3230 


Authorized officer 

THOMAS J. BRAHAN'2)/i?*«- X yYuXJ-- ^ 
Telephone No. (703) 308-1 1 13 



Form PCT/1SA/2I0 (second sheetXiuly 1992>* 



